(Ferrocenylviny1)arenes 3, 5, and 7 are obtained from vinylferrocene (1) and substituted aromatic and heteroaromatic halides by palladium-catalyzed Heck-type reactions. Up to three ferrocene units are introduced in one step by the multifold reaction of 1,2-dibromo-(4) or 1,3,5-tribromobenzene (6) with 1. The first crystal structure of a bis(ferrocenylviny1)benzene chromophore (5) is reported.
(Ferrocenylviny1)arenes 3, 5, and 7 are obtained from vinylferrocene (1) and substituted aromatic and heteroaromatic halides by palladium-catalyzed Heck-type reactions. Up to three ferrocene units are introduced in one step by the multifold reaction of 1,2-dibromo-(4) or 1,3,5-tribromobenzene (6) with 1. The first crystal structure of a bis(ferrocenylviny1)benzene chromophore (5) is reported.
There is considerable interest in the synthesis of new materials with large second-order optical non-linearities because of their potential use in optical devices for information processing ['] . It is now well established that molecular structures that possess both differences between ground-state and excited-state dipole moments and large transition dipole moments will have large second-order nonlinearities [*] . Molecules with R donor-acceptor interactions are promising candidates to fulfil these requirements. But in comparison with the great efforts focussed on the synthesis of organic materials such properties ['] , organometallic compounds have received little attention until recently. The vinylferrocene moiety has now been used as a 71 electron donor in several with high second harmonic generationL51 (SHG) efficiencies.
However, most synthetic routes to (ferroceny1vinyl)arenes are based on the Wittig reaction of ferrocenecarboxaldehyde with ylide~[6',~~] or (ferrocenylmethy1)triphenylphosphonium iodide with aldehydes [hh] . Over the last decade palladium-catalyzed coupling reactions of vinyl and aryl halides with alkenes (Heck reactions['] ) have become a useful synthetic method with numerous applications. In the course of our studies of an application of this powerful methodology to the synthesis of defined polynuclear metal complexes, we have observed the facile coupling of vinylferrocene with various aryl halides.
Iodobenzene reacts with vinylferrocene under the phase-transfer conditions described by Jefferyr'] to yield (E)-styrylferrocene [9] as the only product. The coupling reaction can be extended to electron-deficient or electron-rich aromatic rings with nitro or methoxy substituents. Heterocyclic examples['0] of the procedure are the reactions of 1 with 2-bromo-6-methylpyridine (Zd) and 2-bromo-p~-rimidine (Ze).
Two or three ferrocene units are introduced in a one-pot reaction by the multifold coupling of 1 with 1,2-di-(4) and 1,3,5-tribromobenzene (6)["1.
Suitable crystals for an X-ray analysis of 5 have been obtained from dichloromethane. The crystal structure determination ['*] shows that only one of the two vinylferrocene moieties is essentially parallel to the central aromatic ring ( Figure I ). The interplanar angles to this ring are 17" for C9-13 and 60" for C9'-13', with corresponding torsion angles Cl-7-8-9
179, C7-8-9-10 -7, C6-7'-8'-9' -175, and C7'-8'-9'-10' -158". The palladium-catalyzed coupling of 1 with aryl halides is a simple and effective procedure for the synthesis of (ferrocenylviny1)arenes with obvious advantages over stoichiometric reactions in terms of "atom economy" ['3] . Practical applications to the synthesis of ferrocene derivatives as electrochemically switchable non-linear optical materials ['4] : A mixture of 1.0 mmol of 1, 10.0 mmol of potassium carbonate, 4.0 mmol of tetrabutylammonium bromide, the given amount of the appropriate halide, and 25 mg (0.1 1 mmol) of Pd(OAc), in 20 ml of dimethylformamide (DMF) was heated in a capped pyrex tube under nitrogen for the time stated. The reaction mixture was filtered, diluted with 100 ml of dichloromethane and washed with six portions of 50 ml of water. The organic phase was dried with K2C03, filtered, and the solvent was removed from the filtrate in vacuo. The crude products were purified by column chromatography (CC) on silica gel and subsequent recrystallization. (4) silica gel (PElCH2C12, 7:3) to afford 142 mg (45%) of 3c (Rf = 0.27) as orange plates, m.p. 128°C).
(E)-2-(2-Ferrocenylvinyl)-6-methylpyridine (3d): 2d (170 mg, 1 .O mmol) and 1 (214 mg, 1.0 mmol) were allowed to react for 2 d at 80°C. By CC on silica gel (CH,Cl,/MeOH, 98:2) 112 mg (37%) of 3d (Rf = 0.38) was obtained as an orange solid, m.p. 53°C. (E,E,E)-1,3,5-Tris(2Tferuocei?ylvin~.l) benzene (7): 500 mg (0.236 mmol) of 1 and 189 mg (0.6 mmol) of 1,3,5-tribromobenzene (6) were allowed to react according to the GP for 2 d at 60°C. The crude product was chromatographed on silica gel (PE/CH2CI2, 1 : 1) to yield 195 mg (46Y0) of 7 (Rf = 0.47) as a red solid, m.p. 172°C.
